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Catholic Action ... 


When a journal nears its second birthday, it should 
be strong enough, financially, to stand alone. We re- 
gret to report that THE SCIENCE COUNSELOR is not yet 
able to do so. Perhaps everyone is not doing his share 
in helping it to succeed. Are you? 

Duquesne University founded this journal in a 
praiseworthy effort to assist teachers of science in the 
Catholic high schools of the United States. It hoped 
to make them better and more successful teachers by 
bringing to them authoritative information concerning 
recent developments in science, and by discussing with 
them new and practical and effective teaching methods. 
Whether or not some measure of success has been 
achieved is for you to decide. 

The very considerable financial assistance that this 
journal receives from the University cannot be contin- 
ued indefinitely. To replace it we must have more sub- 
scribers, more advertisers. There is no desire to profit, 
but expenses must be met. Here is an opportunity for 
Catholic Action. Already we have subscribers in forty 
states and several foreign countries. Are you num- 
bered among them? If you feel that the work that THE 
SCIENCE COUNSELOR is doing worth while, if you want 
to aid the Catholic schools and the Catholic scientific 


press, if you are interested in having this journal con- 
tinue to develop and grow, you must help. You should 
send in your subscription at once, or your renewal if 
your subscription has expired. 

You can be of assistance in another way. 

Advertising for THE SCIENCE COUNSELOR is solicited 
on a business—not a charity basis. It must be pro- 
ductive. Our present advertisers will continue their 
patronage and new advertisers will be attracted if they 
find that this journal is important to you. Are you 
patronizing our advertisers? Are you mentioning THE 
SCIENCE COUNSELOR when you purchase scientific books 
and materials and supplies? It will help if you do so, 
whether or not your dealers are at present our patrons. 
If they learn that you are keenly interested in this 
publication, they will become interested, too. Coopera- 
tion on your part is important. It will cost you noth- 
ing, but it can be very helpful. 

If even a thousand science teachers in the Catholic 
high schools of the country should begin to talk to 
their dealers and publishers about THE SCIENCE COUN- 
SELOR, their response in advertising would be substan- 
tial and immediate. 

What ACTION will you take? 
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It is no accident that institutions of wealth and 
position in the educational world, critical in their 
selection of all things, are constant users of Milvay 
Products. Obviously price is not the only factor 
that bears weight in making their decisions. The 
reasons for this choice are found in the care with 
which this company selects its raw materials, the 
effort it makes to develop efficient manufacturing 
processes and the time and money expended to 


train expert craftsmen. 


The accelerated swing towards the name Milvay 
makes it possible and imperative, as we enter our 


29th year, to pledge an even higher degree of 
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quality. For, our reputation is a coveted possession, 
too priceless ever to jeopardize by allowing any- 
thing less than the best to bear the Milvay name. 
You will save money; find it more efficient and 
satisfactory to depend on the authoritative and 
complete Milvay Catalog as your source of supply. 
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SCIENCE LABOJRATORY EQUIPMENT 


for SEPTEMBER, 1936 


In Hoc Signo Vinces 


By Jean Piccard 


The whole world knows of Dr. Piccard’s strato- 
sphere adventures. Our readers, however, are 
the first to learn of this interesting little incident 
in connection with it. 

To say the least, this human interest story re- 
veals the man. 

Dr. Piccard is planning another stratosphere 
flight. He is now connected with the department 
of aeronautical engineering at the University of 


Minnesota. 


Our Stratosphere flight took only seven and three 
quarters hours, but the preparations were long and 
eventful. Mr. Henry Ford had allowed us the 
use of his great airplane hangar. He frequently 
came to inquire how we got along, and whatever 
we needed he was willing to let us have. He sup- 
plied us not only with space in which to work 
and with tools, but often with power for light, 
for electric drills, etc., when we wanted to work 
at night or on holidays when the power was 
ordinarily shut off. 

The great gas bag had been put in condition by 
the manufacturer, but there was much work to be 
done with the gondola. The barometers had to be 
put in place and connected with the outside. 
These and many other outlets for wires and 
tubes had to be made air-tight. The ten little 
windows with their heavy double glasses were 
mounted very carefully. If nine windows hold 
good and one breaks it is, to say the least, un- 
fortunate! The main gas valve, the ballast re- 
lease, the rip cord, all these are of vital impor- 
tance for the navigation of a stratosphere balloon. 

The scientific program centered around the in- 
vestigation of the mysterious cosmic rays coming 
from far away emp‘y space. One important ques- 
tion was: What direction do they come from and, 
since they come from many directions, what is 
their strength from various directions? 

For this part of the study of cosmic rays we 
were obliged to rotate our instruments around a 
vertical axis. Unfortunately the instruments were 
too large to be conveniently rotated within the 
gondola. We, therefore, decided to ro’ate the gon- 
dola itself. This involved, however, a new and 
grave problem. The gondola is connected to 
the balloon by many suspension ropes and by 
several control ropes. 

The only solution was the rotation of balloon, 
gondola and all. A small, electrically driven pro- 
pellor had to be suspended as far out as possible 
in order to increase its moment. In a previous 
flight we had mounted the engine on a large T- 
shaped wooden support. The two arms of the T 


were suspended by strings from the equator of the 
balloon and the main beam was directed, horizontally, 
toward the gondola. It was carrying the wires. For 
our last flight we needed as much lever as possible and 
we placed the propeller on a fourth arm, a prolonga- 
tion of the main beam of the T. This gave the whole 
frame the form of a Latin cross, about eiehteen feet 
long. 

While we were making the preparations for our 
flight in the large hangar of the Ford Airport, many 
visitors came to see our installation and to see the bal- 
loon which was going to go to the stratosphere. There 
were teachers, literary men, engineers, men of science, 


Continued on Page Ninety-two 


THE CROSS OF WHICH DR. PICARD SPEAKS MAY BE SEEN AT 
THE LEFT. MRs. PICARD IS ATOP THE GONDOLA. WAITING FOR 
THE SIGNAL FROM THE GROUND PILOT FOR THE RIGHT MOMENT 


TO SEND THE BALLOON INTO THE AIR. 
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Equipping the 
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Modern Science Room 


e@ By Walter E. Hess 


ADVISOR, SECONDARY EDUCATION, PENNSYLVANIA DEPARTMENT OF PUBLIC INSTRUCTION 


Here is information of importance to every sci- 
ence teacher and to every person concerned in 
planning new science rooms or in remodeling old 
ones, 

This article is practical, not theoretical. 

Embodying as it does the results of extensive 
first-hand experience, it will help every teacher 
who wants his science room to be a real “work- 
shop where youth will be better able to find ex- 
pression for their interests, and thus live vitally 
within the school.” 

The most modern ideas in presenting science 
education in secondary schools are here discussed. 


In a paper published in 1749, Benjamin Franklin 
proposed that pupils were to read natural history and 
were to practice “a little gardening, planting, grafting, 
inoculation, ete.”; and “now and then excursions made 
to the neighboring plantations of the best farmers, 
their methods observed and reasoned upon for the in- 
formation of youth.” From this it will be noted that 
science teaching very early was recognized as an im- 
portant phase of the educational program of this State, 
including both the elementary and the secondary school 
levels. 

In realizing the objectives of secondary education 
science has much to offer. Since the middle of the nine- 
teenth century it has become an increasingly important 
part of the school program. It is closely related to the 
everyday life of the individual. It helps to furnish the 
basis for rational and scientific living and thinking. 
A knowledge of the sciences is essential for an intelli- 
gent understanding of the local environment and for an 
appreciation of the many phases of modern life. Today 
people are called upon to make decisions, to evaluate 
and to judge products, materials and situations where 
both scientific facts and procedures are needed. A 
knowledge of science is one of the most forceful means 
for combating superstition. Life is made more worth 
living when sciencific attitudes and appreciations aid 
the individual to interpret the things about him. 


With the increased interest in science instruction has 
come a change in point of view in educational philoso- 
phy. Science has too long been taught to pass exami- 
nations rather than to form habits of thinking. Too 
often science teaching has stopped with the learning 
of facts. Facts are important as foundation work, but 
teaching should be broader in order to develop methods 
of thinking. The pupil should learn to think rather 
than learn to recite, or retell facts. New knowledge of 
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the learning process has given a different meaning to 
methods of instruction in science. In early school his- 
tory science instruction seemed to be offered most gen- 
erally to a selected group of pupils. With the rapid 
growth in secondary school enrolment and an increased 
use of science in the everyday life of all individuals, 
has come a corresponding growth in the number of 
science classes. This rapid expansion has caused con- 
siderable attention to be directed toward the cost of 
maintaining a most valuable part of the school curricu- 
lum. In view of these factors, school administrators 
have been confronted with the problem of providing 
science instruction to a larger number of pupils and at 
the same time of justifying the increased expenditure 
of money. 


Formerly, it was the practice to conduct classes in 
science on the basis of three single periods and two 
double periods weekly, the two double periods being 
utilized for laboratory activities. Such a set-up pro- 
duced an inflexible time schedule. Difficulties were en- 
countered in the fact that rooms were standing idle and 
pupils were forced into study groups. A partial solu- 
tion to this problem has been found through the intro- 
duction of the longer period. This period, approxi- 
mating an hour in length five times per week, obviates 
the need for double periods. Many teachers feel that 
the double period causes considerable waste of time. 
With the single, longer period, held daily, a modifica- 
tion in teaching procedures can be made to such an ex- 
tent that a variation in type of instruction can be 
made to meet the needs of the class at a particular 
time. Laboratory activities need not be confined to any 
definite day. A committee of the National Society for 
the Study of Education, reporting in the Thirty-first 
Yearbook, was decidedly in favor of eliminating the 
double period. They stated that the single longer period 
was more economical in that it conserved pupil and 
teacher time, and made the science room available for 
the use of other classes. 


A shift in subject presentation has also been notice- 
able during the last two decades. The formal abstract 
manner of presenting materials in science has given 
way to the problem-solving or activity type of instruc- 
tion. Science teaching is becoming more child centered 
and less subject matter centered. Victor H. Noll, Re- 
search Director, Institute of School Experimentation, 
Teachers College, states that “habits of thinking scien- 
tifically should be taught directly as such. Experiment- 
ers have found that direct definite training in specific 
situations in the elements of the scientific attitude is 
more effective by far than extensive teaching of science 
subject matter.” This change in emphasis naturally 
gives rise to a need for a different type of classroom. 
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Basie Principles in Developing the Science Room 

In view of these specific needs that have been re- 
vealed, the committee of the National Society’ outlined 
nine basic principles which should be included in de- 
veloping a satisfactory science environment in the sec- 
ondary school: 

1. “A science room is a place where the pupil may 
receive educative experiences which add mean- 
ings to, and give better understandings of, those 
generalizations in science that contribute to en- 
richment of life. 

“Science room experiences are justified by, and 

take their origin from, the science curriculum, 

course of study, and learning experiences to be 
expected of pupils. 

3. “A piece of equipment or apparatus is to be 
evaluated in terms of the educative experience 
or experiences which it makes possible. 

4. “A science room is also a place where the ex- 
perience of problem-solving is possible. 

5. “The plan and design of a science room must 
provide elements of flexibility. 

6. “The design of both classrooms and laboratories 
should provide facilities for effective teacher 
demonstrations. 

7. “Certain science rooms should provide facilities 
for individual laboratory work. 

&. “Science rooms should provide certain facilities 
for objectification by means other than the use 
of concrete materials. 

9. “The planning of science rooms and their equip- 
ment should be a cooperative project, in which 
the architect, the engineer, the educational sup- 


te 


ervisor, and the science teacher each play a pro- 

per part.” 

The Need for a Scientific Approach 

In developing a classroom which will most adequately 
meet the needs of science instruction on an activity ba- 
sis, many problems are encountered. No “ideal” class- 
room can be set up. Considerable research is needed 
for the solution of these problems before any near 

“ideal” type room can be recommended. The commit- 

tee’ has listed ten problems wherein research is needed 

in order to make the plan and equipment of science 
rooms a science rather than an art: 
1. “A study to determine the available ‘apparatus 
experiences’ for the teaching and learning of 
each of the important generalizations in science. 

2. “A study to determine which of several available 

apparatus experiences is most effective in the 

teaching and learning of given science facts or 
principles. 

3. “An analytical study to determine the specific 
educative experiences possible with each of one 
hundred commonly purchased pieces of science 
teaching equipment. 

4. “A study to determine the types of science prob- 
lems that pupils can solve through the use of 
science-room facilities and equipment. 

5. “A study to determine the relative value of dif- 
ferent demonstration techniques. 

6. “An analytical study of laboratory arrangements 
and the functions of laboratory furniture. 

7. “An investigation to determine the frequency of 
change in basic design and equipment of given 
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science rooms as compared with the frequency 
of change in the curriculum which those rooms 
are meant to serve, 

%. “A study to determine the available screen ex- 
periences for the teaching and learning of the 
important generalizations in science. 

%, “A study to determine which of several available 
screen experiences is most effective in the teach- 
ing and learning of given science facts or princi- 
ples. 

10. “A series of studies based on the questions set 
forth in Guiding Principle 9.” 


Economy and Adaptability 

The solution of these problems, scientifically derived, 
would assist much in determining the type, the size, 
and the furnishing of the science room. <A school room 
should be something more than the four walls. As one 
expert has said: “It is an expression of educational 
individuality and educational ideals."” Care should be 
taken so that the science room is planned for those sci- 
ence classes which have the largest enrolment. Too 
often this room has been planned primarily for ad- 
vanced specialized sciences such as chemistry, where 
the enrolment is small. As a result, the room, while 
somewhat satisfactory for chemistry, has proved incon- 
venient and most unsatisfactory for other types of sci- 
ence classes. The major point of consideration should 
be that of the greatest good to the greatest number of 
pupils. 

Since so many high schools have need for only 
one science room for all the years of science, it is most 
desirable and economical that this room be of the 
combination type. In most cases thought should be 
given to the possibility of its use for non-science clas-e-, 
such as English and social studies, when not used for 
science instruction. The author has visited literally 
hundreds of schools in Pennsylvania where the science 
room is being used for non-science classes. In many 
instances, due to the fact that the room was planned 
primarily for advanced science laboratory work, they 
are not only poorly adaptable to types of work in other 
classes, but even to the major portion of the science in- 
struction itself. 

With the increased cost in the school budget and 
the growing interest in science education, attention 
drif.ed toward the cost of this phase of the school pro- 
gram. Administrators, recognizing the value of the 
knowledge of science to the everyday citizen, were 
anxious to make any sound adjustments which would 
continue opportunities for education in this field. The 
ques.ion of period lengths and time allotment per week 
seems to have been satisfactorily settled by the general 
adoption of a period approximately an hour in length. 
With the hour period, laboratory work can be held in 
the logical and psychological order any day of the 
week. 

The utilization of the floor space devoted to science 
instruction was likewise given careful consideration. 
In most cases only one teacher was in charge of the 
science classes. When he was in the lecture room, the 
laboratory was idle. School surveys on room utilization 
revealed in many instances that science rooms were 
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crowded. Because of economy, the tendency has been 
away from separate lecture rooms and _ laboratory 
rooms. Separate rooms give the impression that labor- 
a.ory and theory are two separate courses. Psychologic- 
ally, we learn in wholes rather than in parts. The two- 
room set-up conveys the idea that the pupil learns the- 
ory in the one and practice in the other, and attcmpts 
to connect both. The general tendency today is that of 
combining these rooms into one room to secure a more 
flexible instructional program than when used sepa- 
rately. Separate rooms require that definite days be 
assigned for regular classroom work and for laboratory 
work. With the combination room, laboratory work 
becomes integrated with the other teaching procedures. 
Almost without exception, teachers who have had ex- 
perience in both types of set-ups, favor the combina- 
tion room. 
The Combination Classroom-Laboratory 

The combina.ion classroom-laboratory can be made 
adaptable to a specific course in science. If the school 
is large and there is a need for more than one science 
room, a duplication of the combination room plan will 
result. Adjustment will be made in the equipment of 
these rooms. Such adjustments should take into consid- 
eration differences in course content and variation in 
teaching methods, so that there will be a minimum of 
inconvenience to instruction and a maximum of econ- 
omy in room utilization. When two science rooms are 
necessary, a storage room should be piaced between. In 
the larger school requiring more than two rooms, plans 
should be so developed that these rooms are grouped as 
a unit. 

Placing the Room 

The science room should be well lighted and have 
plenty of space. A south-facing of the room, with 
translucent shades, is desired by a large number of sci- 
ence teachers. This provides for plant germination, 
aquaria, and simple experimentation with light bcams. 
Other persons have advocated the placing of the room 
in such a manner that litile sunlight will reach the 
room after ten o’clock in the morning. Thus, it is pos- 
sible to get a reasonable amount of sunlight for plant 
life and not interfere seriously with school work. In 
addition to the translucent shades, dark shades should 
be provided so that the room can be utilized for motion 
pictures and projection lantern work. Some persons 
recommend that the room be placed so that it is easiest 
to maintain an equable temperature in the room in 
order to facilitate germination projects. This may be 
accomplished by placing the room over the boiler room, 
on a sheltered side of the building, or by adjusting the 
thermostatic control of the room. 


Combination Classroom Layout 

The accompanying sketch, Plan No. 1, (6-a) shows a 
type room which has quite generally become a part of 
the plans in the numerous high school building projects 
that have been developed during the past few years in 
this State. It is not recommended as an ideal set-up 
for a particular school but can, with adaptations, be 
made to meet local school needs. The plan is a result 
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Semi-Micro Methods Chemistry 


By Sister M. Lawrenee,. OoO.M.. M.S... (Ca th Un iversity) 


MOUNT MERCY ACADEMY 


and William J. Schiller. Ph.D... (University of Pittsburgh) 


MOUNT MERCY COLLEGE 


An innovation in laboratory instruction in 
chemistry. 

College as well as high school teachers and aad- 
ministrators are observing with much interest the 
development of a new technique that is econom- 
ical of time, space, equipment and materials. 
Much progress has already been made. 

The writers of this timely article are pioneers 
in the field. They generously offer to help others 
who are interested. 


“Multum in Parvo” 


A laboratory free from fumes, with students seated 
at their work, with all necessary equipment within easy 
reach, and in their experiments using drops of solutions 
or pinches of solids, free from danger, and experiment- 
ing with the utmost economy of space, time and materi- 
als: these are conditions which are the attainment of 
the new semi-micro or small-scale methods applied to 
laboratory work. Practically all the methods of macro 
or large-scale chemistry are reducible to the semi-micro. 
Because of its many advantages it should appeal par- 
ticularly to the high school teacher who often is limi- 
ted as to laboratory facilities and funds. 


Before embarking on a description of this important 
new technique it will be well to explain the meaning of 
the title. The term micro-chemistry refers, as the name 
implies, to the use of the microscope in chemistry. To 
distinguish the methods under discussion, wherein the 
microscope is not used, the term “semi-micro” has been 
used. It deals with experiments involving drops of 
solutions, pinches of solids and small-scale apparatus. 
Since most ordinary laboratory procedures can be “cut 
down” to the semi-micro requirements, it is simply a 
case of transposing from one to the other. 

To give a more concise idea of the equipment and 
methods needed, a brief description of these is given 
below. 

LABORATORY: Any room with gas, water, and elec- 
tricity will do. 

FURNITURE: Small desks and chairs. It is prefer- 
able that there be gas at each desk, but where this is 
not convenient alcohol lamps may be used. Sinks are 
not necessary at the desks as a beaker or other recep- 
tacle may be used for waste materials which may be 
disposed of later. 

Test TUBES: Fermentation tubes of 2 cc. capacity 
are used. Where very small amounts of materials are 


involved short lengths of ordinary glass tubing sealed 
at one end may be used. 

BURNERS: Special micro burners may be purchased, 
or ordinary Bunsen burners of the pilot-light type, 
which may be converted to micro burners by unscrew- 
ing the tubes, may be used. If gas is not available, al- 
cohol lamps can be utilized. 

VIALS: These are made of glass and are 21 mm. x 
20 mm. Solid reagents are kept in these, and they are 
used instead of 8 oz. wide mouth bottles for collec‘ing 
gases. 

GLASS MICROSCOPE SLIDES:  Precipitations, filtra- 
tions, decantations and color reactions are carried out 
on these. 

Spot PLATES: Porcelain plates with slight depres- 
sions or concavities, either in black or white porcelain. 
These are useful for precipitations or color reactions. 

Drop REACTION PAPER: A specially prepared paper 
for precipitations and color reactions. Where perma- 
nent precipitates or colors are obtained on these papers 
they may be labeled and filed by the student. 

CENTRIFUGE: Hand centrifuges for rapid separation 
of precipitates. These are detachable and are fastened 
to the desk tops. Their use makes funnels and filter 
papers unnecessary. 

CENTRIFUGE TUBES: Pyrex glass tubes of 2 cc. to 3 ce. 
capacity for the centrifuge. 

DROPPING VIALS: Used for liquid reagents and hold- 
ing approximately 8 cc. They are equipped with screw 
caps made of bakelite, and can be kept in drilled 
reagent blocks. These may be purchased from the 
Kimble Glass Co. 


Continued on Page Ninety-one 
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Aspects of Diamagnetism 


By William A. Ph.D.. (New York University) 


DEPARTMENT OF PHYSICS, NEW YORK UNIVERSITY 


When inquiry is made concerning research in 
some of our schools we hear complaints of lack 
of money, and lack of time, and much discussion 
of the difficulties of selecting suitable and inter- 
esting problems. 

Here are some practical suggestions for re- 
search of importance that can be carried out in 
any physics laboratory with a minimum of ap- 
paratus and expense, 

Dr. Lynch's discussion of the important facts 
of diamagnetism and of what has already been 
accomplished should stimulate some of our teach- 
ers to begin work in this field, 


Modern textbooks in physics explain in detail the 
principles of permanent magnetism in terms of ferro- 
magnetic substances, give extensive data about these 
substances, and describe at length the many interesting 
and instructive experiments that can be performed with 
them. In general, however, the textbooks dismiss the 
subject of diamagnetism with merely a sentence or 
two; the result is that students and sometimes instruc- 
tors never realize the important part played by dia- 
magnetism in the whole theory of magnetism, and never 
perform or see performed the beautiful and yet simple 
experiments that give insight into the very nature of 
magnetism and of matter itself. It is my purpose to 
recall some of these experiments that they may serve, 
perhaps, to inspire some to investigate the phenomena 
for themselves; investigations of this kind can be car- 
ried out in any physics laboratory with a minimum of 
apparatus and expense, and yet the results to be ob- 
tained may be of fundamental importance to the theo- 
ries of magnetism and matter. 

Diamagnetism was discovered by Faraday on Novem- 
ber 4, 1845; the experiment as described in his diary 
consisted of suspending a short bar of heavy glass 
“1 6/8 of an inch long” by cocoon silk between the 
poles of a powerful electromagnet; the axis of the bar 
was at an angle of about 45° with the axis of the mag- 
net when in the rest position. When the magnet was 
energized, the bar swung to the “equatorial” position 
i.e., With its axis at 90° to the field; a paramagnetic 
substance would have assumed the “axial” position i.e., 
parallel to the field, Fig. 1. Furthermore, the glass bar 
moved directly to the equatorial position regardless of 
the original orientation of the ends of the bar, that is, 
the bar could be changed end for end without affecting 
its tendency to move to the nearest equatorial posi- 
tion; this showed that there were no permanent poles 
in the bar, and the effect disappeared as soon as the 
magnetic field was removed. Faraday also discovered 
that if the bar was carefully mounted with its axis 
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in the axial position, it remained in that position when 
the electromagnet current was turned on; these results 
convinced Faraday that the phenomenon “was not due 
to particular ends of the glass but to the whole mass.” 


These experiments are repeated best by the use of 
bismuth, the most strongly diamagnetic substance 
known; its properties were thoroughly investigated by 
Faraday in a continuation of the research described 
above. A small pellet of bismuth is suspended near one 
pole of an electromagnet, and the current is turned on; 
the bismuth is repelled. The polarity of the electro- 
magnet is reversed and again the bismuth is repelled. 
We see from this experiment that in diamagnetic 
bodies the induced pole is the same as the inducing pole, 
and the diamagnetic substance is driven from the 
stronger to the weaker part of the magnetic field. A 
small cylinder of bismuth is then suspended between 
the poles of the electromagnet; if the pole pieces are 


B 
H 
N 
' 
FiGure 1 
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conical or shaped so that the magnetic field between 
them is non-uniform, the bismuth needle sets itself 
perpendicular to the field in the equatorial position. 
This result is in accord with the generalization stated 
above that the induced poles tend to move from the 
stronger to the weaker parts of the field. Suppose now 
that broad, flat pole pieces are used so that the mag- 
netic field between them is straight and uniform; it 
may be possible then to start with the bismuth needle 
in the axial position and have it maintain that position 
when the current is turned on. Faraday found that 
the position was unstable and that any slight obliquity 
of the needle with respect to the field caused the needle 
to take up the equatorial position; any lack of uniform- 
ity, too, in the field causes the bismuth to move across 
the field. This is an interesting point because authori- 
ties seem to disagree on how the needle will act in 
the uniform field. J. J. Thomson in his Elements of 
Electricity and Magnetism mantains that in a strictly 
uniform field a diamagnetic needle sets itself parallel 
to the field even though it starts in the oblique posi- 
tion; in Poynting and Thomson's Electricity and Mag- 
netism, he gives a different proof of the same state- 
ment. Williams in Magnetic Phenomena states une- 
quivocally that a diamagnetic rod always sets itself 
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perpendicular to the field; Loeb in the Kinetic Theory 
of Gases says such a rod takes up the perpendicular 
position in a uniform field. Perhaps some reader will 
duplicate Faraday’s success in obtaining the unstable 
position with the bismuth needle; he should then at- 
tempt to verify Thomson’s statement by the use of 
very large, flat pole pieces. Settlement of this ques- 
tion is not important for our further discussion, as in- 
variably we shall be dealing with fields that are quite 
non-uniform. 
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A. DIAMAGNETIC LiQuiD. 

The behavior of diamagnetic bodies in magnetic fields 
is best demonstrated to a class or audience by optical 
projection. Small needles of bismuth and glass, for 
example, are used in order that the pole pieces can be 
kept close together; the fields then are intense and the 
action prompt and decisive. Needles of iron, nickel and 
aluminum should also be placed in the field to show 
how substances of varying degrees of paramagnetism 
compare with the diamagnetic bodies. I shall not at- 
tempt to describe in detail methods of optical projec- 
tion; each demonstrator must decide for himself how 
he is going to put on his show in order to obtain the 
best results with his own apparatus. I like to demon- 
strate these effects using very simple optical trains 
so that all parts of the apparatus are clearly seen and 
their funciions obvious. I must confess that I am in- 
trigued by the behavior of bismuth in the magnetic 
field each time that I see it. 


Before describing more precise experiments that lead 
to quantitative results, I feel that it is necessary to 
discuss several technical aspects of magnetism in gen- 
eral, and to offer some explanation of why the various 
substances behave as they do in the magnetic field; 
these explanations will be given in terms of modern 
theories of electricity and matter. We have already 
distinguished indirectly between diamagnetic  sub- 
stances and paramagnetic substances; the former tend 
to move from the stronger to the weaker parts of a 
magnetic field, the latter from weaker to stronger; the 
diamagnetic needles set themselves perpendicular to 
the field, the paramagnetic parallel to the field. These 
differences are brought out in another way by intro- 
ducing the term permeability. The force between two 
magnetic poles is determined by the strengths of the 
poles, by the inverse square of the distance between 
them and also by the surrounding medium; if the med- 
ium is paramagnetic the force is less than that in a 
vacuum, while if the medium is diamagnetic the force 
is greater. We say that the permeability of the para- 
magnetic medium is greater than one, that of the dia- 
magnetic medium is less than one, while the perme- 
ability of the vacuum is unity. A ferromagnetic body 
is paramagnetic with a very large value for the per- 
meability. 


A useful way of visualizing the effect of the perme- 
ability of a substance is in terms of the lines of mag- 
netic force. If a paramagnetic body is placed in a 
magnetic field in vaccuum, the lines of force tend to 
crowd into the body; the extent of this concentration 
as compared to the original concentration before the 
paramagnetic body was introduced, measures the per- 
meability of the body. When a diamagnetic body is 
brought into the field, however, the lines of force tend 
to avoid the body and keep in the empty space instead; 
the concentration is less in the region occupied by the 
diamagnetic body after its introduction than before, 
and the permeability is less than one. The perme- 
ability of the air is very slightly greater than that of 
empty space and often its value is taken as unity for 
convenience; comparisons are then made with air as 
the standard medium rather than with vacuum. 


The properties of magnetic substances are also de- 
scribed in terms of susceptibility. Suppose a small 
block of soft iron, which originally shows no poles, is 
placed in a magnetic field; it becomes magnetized by 
induction. The lines of the field crowd into the iron, 
and give rise to a south pole where they enter the iron 
and a north pole where they leave. The pole strength 
per unit area of the induced pole is a measure of the 
degree to which the iron has been magnetized by the 
applied field; but the pole strength per unit area is 
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S. SPECIMEN. W. COUNTERPOISE. 
the same as the magnetic moment per unit volume, if 
the block has been magnetized uniformly throughout. 
The magnetic moment of a magnet is the product of 
the strength of either pole and the distance between 
poles. We call the magnetic moment per unit volume 
of the block the intensity of magnetization, and usually 
represent it by the letter I. We see that I measures 
the density of magnetism spread uniformly through the 
block. But I arises from the fact that the block was 
placed in the external field of strength H; the ratio 
of I to H is the susceptibility of the block, and is 
usually represented by k. The susceptibility of a sub- 
stance measures its tendency to assume the magnetic 
state under an applied stimulus. 
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A close connection exists between the permeability u 
of a substance and its susceptibility k; it is found that 
that the relation is 

u 1l+4ak 

For a paramagnetic substance u is always greater than 
one so k is always positive; but for diamagnetic sub- 
stances u is less than one and k is negative. Tie nega- 
tive sign is a reminder that diamagnetic bodies are 
magnetized in the paramagnetic 
bodies when placed in external magnetic fields. The 
table below gives values of k for several substances; 
susceptibilities are sometimes given in terms of unit 
mass; these are obtained from the table by dividing the 
value of k by the density of the substance. 


opposite sense to 


TABLE OF SUSCEPTIBILITIES 


Paramagnetic k 


Diamag netic k 
Substance 


Substance 


Platinum 20x10" Bismuth 13 0x10 
Aluminum 1.7 Silver 15 
Oxyeen 0.16 Glass 0.9 

Air 0.032 Water 0.72 
Carbon Dioxide O.017 Hydrogen 0.024 


Ewing's method of explaining the behavior of fer- 
romagnetic substances in external magnetic fields is 
probably familiar to all; he assumed that elementary 
magnets are present in such substances which are ori- 
ented at random when the substance is unmagnetized. 
When an external magnetic field is applied, the elemen- 
tary magnets align themselves parallel to the field and 
produce increased effects; Ewing was able to account 
for hysteresis and residual magnetism in terms of his 
model of the ferromagnetic substance. He was not able 
to explain the actions of diamagnetic bodies on the 
same scheme, and we have to turn to the work of others 
to seek an explanation. Ampere in 1823 suggested 
that magnetic effects are due entirely to circulating 
electric currents within materials; his suggestion was 
elaborated by Weber in 1845, and brought in line with 
modern theories by Langevin in 1905. According to 
Langevin, the magnetic properties of all matter are 
due to electrons revolving in orbits within the atoms. 
A single electron rotating in a closed ring is equiva- 
lent to a current circulating in a wire; it sets up a 
magnetic field in the vicinity that can be calculated in 
terms of the strength of the current and the radius of 
the ring. Ampere looked upon such circuits as equiva- 
lent to thin shells of magnetic material of the same 
area as the circuit and with definite magnetic mo- 
ments; in this sense a magnetic moment is considered 
a vector quantity as there is a definite direction asso- 
ciated with the axis of each shell. Atoms generally 
contain several rings of electrons, and the total mag- 
netic moment of each atom is the vector sum of the 
magnetic moments of the separate rings; if this vec- 
tor sum is greater than zero, the atom as a whole is 
equivalent to a small magnet. On Langevin’s theory, 
the substance composed of these atoms is paramag- 
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netic. But if the vector sum is zero, there is no re- 
sultant magnetic moment of the atom; the atom can 
never show permanent magnetic properties. However, 
an external magnetic field applied to the atom will affect 
the magnetic moments of the separate rings of elec- 
trons; and the final outcome depends on the orienta- 
tion of the axes of the rings with respect to the ex- 
ternal field. Those rings of electrons with their axes 
in the same direction as the magnetic field have their 
magnetic moments reduced, while those with their axes 
opposite have their magnetic moments increased. Both 
effects result in the building up of a magnetic moment 
with its axis opposite to the applied field; this produc- 
tion of an opposite magnetic moment is called dia- 
magnetism; the substance in which this happens is 
diamagnetic. 

Perhaps a few words of explanation are necessary 
at this point to account for the changes in the mag- 
netic moments of the electron rings under the action 
of the external field; a clear understanding of this ac- 
tion should remove all difficulties associated with the 
whole subject. Suppose an electron is rotating clock- 
wise in its orbit in the plane of this paper; it is equiv- 
alent to a conduction current flowing in a counter 
clockwise direction in the same orbit, and its magnetic 
moment is proportional to the current and the area 
within the orbit. Now apply a magnetic field directed 
downward and perpendicular to the paper. While the 
field is building up to its final value, an induced elec- 
tromotive force is set up around the orbit in the coun- 
ter-clockwise direction, and the electron is accelerated 
in its path. By the time the field has become steady, 
the electron is moving more rapidly than it was before; 
but this means an increase in the current and henc2 
an increase in the magnetic moment of the orbit. The 
applied field has the opposite effect on an electron re- 
volving in its orbit in a counter clockwise sense. Sup- 
pose further that the field is removed; all the actions 
are reversed; those electrons that had been speeded up 
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slown down to their former velocities; those that had 
been slowed down speed up, and the total magnetic 
moment of the atom returns to its zero value. 


One further point remains to be made. We have 
seen that in a paramagnetic substance, each atom has 
a resultant magnetic moment; but with no applied 
field the atoms are oriented at random due to their 
thermal motions and the body is unmagnetized. Apply 
an external magnetic field and the effect is twofold: 
the field tends to line up the atomic magnets with 
their axes parallel to its own direction and hence 
give a positive magnetic moment to the mass of atoms; 
at the same time it produces the diamagnetic effect 
in the separate atoms and thus decreases the positive 
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magnetic moment. The second result, however, is very 
small compared to the first and is entirely masked by 
it; diamagnetism is present but we observe paramag- 
netism. It was in this manner that Langevin was able 
to modify Faraday’s statement about the universality 
of magnetism; diamagnetism is the magnetic property 
‘ommon to all substances. 


We see now why the pellet of bismuth is repelled 
from a magnetic pole regardless of whether the latter 
is north or south; the magnetic moment of the bis- 
muth atom is directed opposite to the field so that the 
induced pole on the side of the pellet toward the in- 
ducing pole is always of the same kind as the latter. 
The bismuth needle in the non-uniform field has tem- 
porary poles induced at its ends which cause a torqu2 
to be set up, rotating the needle to the equatorial posi- 
tion; in this position, of course, the induced poles at 
the ends disappear and new ones appear on the sides. 
It may be a little difficult to understand, then, why the 
needle is in stable equilibrium in the equatorial posi- 
tion; we can make use of a general theorem in me- 
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chanics that will assist us and at the same time throw 
new light on the whole phenomenon. This theorem 
states that when a system is in stable equilibrium, its 
potential energy is a minimum. The energy per unit 
volume of a body in a magnetic field is u H*/82 where 
u is the permeability of the body, and H is the 
strength of the magnetic field within the body. Sup- 
pose that we have a non-uniform magnetic field in air, 
the permeability of which is taken as unity; a para- 
magnetic substance placed anywhere in the field causes 
a reduction of energy in that region since the field 
within the substance is less than the original field in 
air by a factor u; the paramagnetic substance causes 
the greatest change in the region where the field is 
greatest. Therefore, in the non-uniform field, forces 
and torques appear causing the substance to move to 
the strongest part of the field. If the paramagne‘ic 
body is in the form of a needle, it takes up the axial 
position so that all of its volume is in the strongest 
part of the field. If the field is uniform, the energy 
per unit volume is the same regardless of where the 
body is situated; therefore no resultant force acts on 
the paramagnetic substance in the uniform field. Sup- 
pose now that a diamagnetic body is placed in the non- 
uniform field; its permeability is less than unity and 
the energy of body and surrounding air is least when 


the body is in the weakest part of the field; forces and 
torques are set up to accomplish this result. If the 
diamagnetic body is in the form of a needle, it takes 
up the equatorial position so that most of its volume is 
in the weak parts of the field with only a small por- 
tion in the strong part. In the uniform field no result- 
ant force arises because the energy is the same per 
unit volume for all parts of the field. 


A striking experiment that illustrates the tendency 
of diamagnetic substances to move from the stronger 
to the weaker parts of the field, while paramagnetic 
substances do just the opposite, is that devised by 
Plicker. He placed a watch glass containing a liquid 
on the poles of a powerful magnet; the level of the sur- 
face was disturbed in a manner determined by the na- 
ture of the liquid. If the liquid were diamagnetic, say 
water, then its section is indicated by Fig. 2a; the 
water moved from the center away from the strongest 
part of the field. If the liquid were paramagnetic, a so- 
lution of nickel sulphate for example, then its section 
is shown by Fig. 2b; the liquid piled up in the stronges. 
part of the field. These results occur when the poles 
are about 1/10 inch apart; if they are widely sepa- 
rated, the strongest parts of the field lie close to the 
pole pieces and just opposite results should be ob- 
tained. 


We are ready now to appreciate the experiments per- 
formed by Faraday to measure the susceptibilities of 
various diamagnetic substances; he used what amounts 
to a delicate magnetic torsion balance by suspending 
a cross arm by means of a long fibre from a torsion 
head. The specimen to be investigated was suspended 
from one end of the cross arm; a weight was fastened 
to the other end to act as a counterpoise, Fig. 3. The 
specimen S was hung in a field due to pole pieces 
shaped to give an intense but non-uniform field; the 
cross section of pole pieces and field was approxi- 
mately as in Fig. 4. The force urging the diamagnetic 
substance out of the field was obtained by turning the 
head H until the specimen S was brought back to 
its original position before the electromagnet was en- 
ergized; the value of the susceptibility was obtained 
in terms of water in air as a standard. This method 
has been modified by various experimenters; it was es- 
sentially this method that was used by Curie in 1595 
in an extended study of the whole field of dia- and para- 
magnetic bodies. He was very careful to suspend the 
specimen at the point in the field where the product 
of field strength and rate of variation of the field was 
a maximum; the result was that the force was con- 
stant during the slight displacement of the body; the 
displacement was observed by means of a micrometer 
microscope. 

Pliicker’s experiment described above has been used 
as the basis of a precision method for determining the 
susceptibility of liquids; the method was devised by 
Quincke in 1885 and has been used with modifications 
in many researches since then. The apparatus is essen- 
tially an hydrostatic balance consisting of a U’ tube 
with one limb narrow, about 6 mm. in diameter, and the 
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other wide, about 6 cm. in diameter, Fig. 5; the narrow 
limb is placed between the poles of an electromagnet 
capable of establishing an intense magnetic field. The 
liquid to be examined is poured into the tube until the 
surface rises to the center of the field; its level is 
observed by a micrometer microscope. When the field 
is put on, the level in the narrow limb rises if the 
liquid is paramagnetic and falls if the liquid is dia- 
magnetic. The force is calculated in terms of the 
change in level and the density of the liquid, and also 
in terms of the susceptibilities of the air and the 
liquid. 

We have cleared the way now for a discussion of the 
data obtained by the experimenters and a survey of 
what can be done by those who are willing to devote the 
time and effort to carry on the work of seeking more 
information. Our study of diamagnetism has shown 
us that it is an atomic property common to all matter; 
hence measurements of susceptibility give us an in- 
sight into the structure of the atom itself. The first 
conclusive evidence that diamagnetism is a true atomic 
property came from Curie’s work; he showed that the 
susceptibility of diamagnetic substances is independent 
of the temperature, while that of paramagnetic sub- 
stances decreases as the temperature rises. If the 
magnetic moment of the atom is zero, thermal agitation 
will not alter its behavior in a magnetic field; but if 
the atom has a resultant magnetic moment, the ten- 
dency to align itself with an external magnetic field 
is hindered more and more by heat motions as the 
temperature rises. Many exceptions have been found 
to the general results obtained by Curie. 

The mathematical theory of diamagnetism, based on 
‘he atomic model already discussed, connects the in- 
tensity of magnetism with the total number of elec- 
trons per unit volume, the mean radius of the atom 
and the susceptibility. If the mean radius of the atom 
is assumed known, then the number of electrons re- 
volving in rings in the atom can be computed; the re- 
sults obtained in this manner show fair agreement with 
those obtained from spectroscopic data. Loeb gives the 
following table of values calculated for the mean radii 
of several atoms in terms of the atomic number Z 
which is the same as the number of external electrons 
per atom; K is the mass susceptibility per gram-atom. 


Substance Z K Mean Radius 
H 1 2.7x10 > 
He 2 2.2 63 
( " #2 
Cl 17 +4 
Br 35 $3 5s 
He $6 40 
Bi a3 280 | 11 


The radius of an atom is about 10° em. 


Stoner has performed the reverse calculation for 
helium by taking spectroscopic data for the helium 
atom and obtaining the susceptibility; the calculated 
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value is of the right order ot magnitude but smaller 
than the observed. He improved on the calculation, 
however, by introducing wave mechanical considera- 
tions and obtained the following results for helium and 
other substances. 


Substance K Caleulated K Observed 
He 1.9x10 1L.SSx10 °° 
Ne 8.6 7.1 
A 24.8 19.2 
Na 5.6 5.4 
h 17.3 13.4 
Rb 29.5 23.0 


I introduce these results to show that the general 
explanation of diamagnetism is a satisfactory one, but 
that there are still many details to be worked out for 
a complete theory. We see from these calculations also 
the importance of treating susceptibility as the ratio 
between the intensity of magnetization and field 
strength; the susceptibility gives us a direct measure 
of the magnetic moment per unit volume of the sub- 
stance, which in turn leads us to equivalent circuits and 
their areas, and thence to numbers of electrons and 
atomic radii. 

The most fascinating branch of the theory deals with 
the relation between magnetism and chemical proper- 
ties; this is the part, too, where effective experimental 
work can be done without expensive equipment by use 
of Quincke’s method. Pascal did the pioneer work in 
this field in 1912 with a series of experiments on or- 
ganic compounds; he found that diamagnetic atoms 
combine to form diamagnetic molecules and that the 
effects are additive. He concluded that the suscepti- 
bility of a molecule can be calculated as the sum of 
the susceptibilities of the separate atoms, provided a 
correction is made which depends on the nature of the 
chemical bonds between the atoms. His calculated 
results for molecules agreed with his measured values 
with an accuracy of 1 or 2 per cent. Further study of 
his results and continuation of his experiments may 
throw additional light on the subject of the structure 
of molecules and the mechanism of chemical] combina- 
tion. 

The susceptibility of an ion can be obtained by 
measuring the susceptibility of salt solutions of various 
concentrations containing the ion; these measurements 
lead to results characteristic of the atom stripped of 
one or more electrons or containing one or more extra 
electrons; comparison between theory and observation 
can be made in terms of the original atom and also in 
terms of the atoms above or below it in atomic num- 
ber. For example, if the susceptibilities of K and Cl 
are obtained in KCl, they can be correlated with that 
of argon. Argon has the atomic number 18, while 
potassium has 19 and chlorine 17; the potassium ion 
K however should behave magnetically in the same 

Continued on Page Eighty-five 
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Making a Microscope 


@ By Kenneth G6. Niblack 


MECHANICAL DESIGNER, BAUSCH & LOMB OPTICAL 


To care properly for the school’s microscopes 
is the duty of the science teacher. He should 
know something about how they are made. He 
should understand how to clean, adjust and store 
them so as to lengthen their lives. 

Mr. Niblack, who has had a number of years’ 
experience in the construction of microscopes, 
here presents some valuable information. Read- 
ing this article may help the teacher to avoid 
errors both of omission and commission. 


The microscope, a tool of human progress, has had a 
spectacular rise from small beginnings in the hands of 
the original investigators, such as Anton von Leeuwen- 
hoek, through years of scientific investigation, develop- 
ment and discovery, to important present-day, routine 
applications. It has played an important part in the 
development of our civilization. It is in constant use 
in the doctor’s office, in the hospital, and in innumer- 
able research laboratories where everything from food 
to metals is investigated. 


The microscope is the most important tool of the 
metallographer in his inspection of metals. It is used 
in the machine shop laboratory for measurement and 
projection. Even clothing is improved through con- 
stant examination with the microscope. Continued in- 
vestigations of fiber—textile and paper—have led to 
improvements in these fields. A better knowledge of 
organic and inorganic materials seems to have led to 
almost as many advances as has the study of life in 
the biological and bacteriological laboratories. 


MAGNIFICATION 

The microscope is an interesting instrument. The 
tremendous magnification obtained strikes the uniniti- 
ated as a work of magic. On the contrary, the re- 
fracting of light rays by suitably shaped glass,—the 
complex, mathematical formulas involved in an opti- 
cal system that produces a good image many times en- 
larged,—combine the processes of exact physical sci- 
ence with the most skilful workmanship. Greater mag- 
nification is obtained by placing an article closer to 
the eye. Of course, some means has to be devised to 
permit the eye to focus on such a close object, since we 
cannot normally focus on objects which are held near 
to the eye. Van Leeuwenhoek, one of the first men to 
grind lenses of sufficient power to give really high mag- 
nification, used a single very tiny lens, that he held 
close to his eye. (Fig. 1.) Since his was a very diffi- 
cult instrument to use and required considerable dex- 
terity, many men attempted to find a way of using the 
tiny powerful lens in a more comfortable and conveni- 
ent manner. 


COMPANY 


The compound microscope of today is a result of 
their work. A powerful lens is located at the bottom 
of a tube, with a series of lenses between it and the 
eye computed to bring the image to focus on the retina 
of the eye. There are, of course, many combinations 
to give different magnifications. The usual system is 
divided into two parts, the objective and the eyepiece. 
Since illumination of the object is one of the most im- 
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portant phases of microscopy, a method was evolved to 
accomplish this purpose by constructing the substage 
condenser to control the amount of light and the angle 
in properly illuminating the specimen. 
A MACHINE TO HOLD THE GLASS AND CRYSTAL 

In the first microscopes a crude method was used to 
hold the specimen at the proper distance from the lens. 
Improvements designed to make the manipulation 
easier finally resulted in a common form, very similar 
to the form of a vise, which holds the specimen rigidly 
at the proper distance from the lens. To provide for 
focusing the different powers of objectives, a rack-and- 
pinion coarse adjustment is usually employed. A fine 
adjustment is desirable for the use of high-power ob- 
jectives. One end of the vise-like arm holds the body 
tube. The other end holds the stage on which the speci- 
men is placed or manipulated, and under which are 
the illuminating condenser and the mirror. The entire 
equipment is supported on a base, often in the form of 
a horseshoe, usually hinged to the lower end of the 
arm. This hinge, or inclination joint, permits the in- 
strument to be tilted to a convenient working position, 
or to a horizontal position for photomicrography or 
projection. 


Various accessories have been devised from time to 
time to make microscopes more convenient and to make 
microscopic work more comfortable. Among these, the 
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mechanical stage is considered one of the most essen- 
tial. It jermits the movement of objects in two direc- 
tions by means of a slow-motion mechanism. The re- 
volving stage has been devised for work in polarized 
light, for determining optical characteristics of crys- 
tals. An inclined binocular body tube is in general use, 
to provide a comfortable operating position. The binoc- 
ular eyepiece permits using both eyes, giving an in- 
creased visual acuity as well as reducing eye-strain. 
Several refinements in the substage have been devel- 
oped to improve working conditions, some of which are 
essential to really fine work. There are the rack and 
pinion focusing adjustment; a rotating and decenter- 
ing iris diaphragm, and facilities for changing to dif- 
ferent types of condensers for different kinds of work. 
WE NEED LIGHT TO SEF 

Illumination for microscopy depends upon the type 
of work being done. For extremely critical work, a 
precisely controlled illuminating system is necessary 
In the early days of microscopy, a white cloud was the 
standard source of illumination. Later, various flames 
and ares were used. Today, there are three predomi- 
nant types of microscope illuminators, all of which 
give uniform brilliancy over an area of sufficient size 


to be imaged on the specimen. 


The crater of an are light is one of the most intense 
sources. It is fairly even. The ribbon filament Mazda 
lamp has been developed to give a very bright source 
of even intensity, but the tungsten are lamp, a recent 
advancement, promises to be the most efficient light 
source for microscopy. This lamp has a disc of tung- 
sten surrounded by a loop of wire. The are is formed 
by mercury vapor, but the characteristic of the light is 
that of tungsten. In other words, the white hot dise of 


tungsten is imaged on the specimen. 
MANUFACTURE 
In manufacturing a microscope, the most essential 
thing is good optical parts. A physicist who has spe- 
cialized in the mathematics of optics will first compute 


to produce a good image at 


the lens system required 
the magnification desired. He will specify glass of the 
correct index of refraction and dispersion to make his 
computations come out right. Ceramic chemists then 
letermine the ingredients necessary to make glass to 
meet these charac tics. The ingredients are mixed. 
ured into a specially prepared crucible, and melted. 
The melted glass is stirred slowly for a considerable 
time. When all ingredients are thoroughly mixed and 
the glass has reached the proper temperature, it is re- 
moved from the furnace and placed in a special anneal- 
ing oven. where it is allowed to cool slowly for many 
days. When the glass is thoroughly cooled, it is broken 
up into chunks and examined for specimens of sufficient 
purity to make optical parts for microscopes. 

Selected pieces of glass are heated, pressed into th? 
approximate shape of a lens, and rough ground. Fine 
grinding is followed by polishing with rouge until the 
lens is finished and accurate to very small tolerances. 
tolerances which are measured in millionths of an inch 
by means of light rays. Finished parts for the com- 
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pound microscope lenses are cemented together. The 
lenses are then mounted into metal cells. 

The mechanical parts of a microscope originate in 
the mind of the designer. They first appear on tracing 
paper. Blueprints are made and a sample is made up 
in an experimental instrument shop, so that actual dem- 
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A CROSS-SECTION OF A MODERN MICROSCOPE 


onstrations can prove its mechanical efficiency and 
convenience. When the final model has been approved, 
de‘ailed drawings of each separate part are presented 
to the production department, which schedules the work 
of manufacturing. Although many special machines 
have been designed and built to perform work on mi- 
croscope parts considerable hand work still is neces- 
sary. 

Microscope parts are made of many different ma- 
terials including cast-iron, nickel-iron, bronze, brass, 
nickel-silver, aluminum, steel, and mica. Altogether, 
there are approximately 300 parts made up of tubes, 
bars, sheets, various shapes, castings, forging:, and 
extruded parts of various compositions. 

The parts of a microscope are always finely finished. 
Many of these finishes are achieved by the use of actual 
diamonds in the cutting tools, which finish the surfaces 
so accurately that very little work need be done on 
working parts. Exterior parts, finished with diamond 
tools, are ready for plating or enameling without fur- 
ther work. The metal finish used on early microscopes 
was plain black enamel, with a coat of lacquer over 
the highly-polished brass parts. Today, superior fin- 
ishes make it possible to quickly complete an instru- 
ment in a special satin black enamel, and a brilliant 
chromium plate, both of which are durable and reagent 
proof throughout. The fine finish used on modern mi- 
croscoes will last without a great deal of attention and 


care. 
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Changing View points 


Teaching Hish Sehool Biology 


@ By Sister M. Dafrose. 0.P.. Ph.D... (Fordham University) 


CHAIRMAN, SCIENCE DEPARTMENT, THE BISHOP 


Sister Dafrose here concludes her interesting 
study of one hundred years of progress and 
change in the teaching of biology in secondary 
schools. 


In the June number she discussed the natural 
history, and the anatomical and morphological 
periods. Sister Dafrose now continues her dis- 
cussion of the recent period of correlation and 
application, the period which led to the unit plan 
of today. 

Every teacher will be interested in the splendid 
aims and objectives for biology instructors that 
are here listed. 


PART II. 


Peabody and Hunt bear further witness to the 
changed viewpoint in the preface of their book Ele- 
when they state 


mentary Biology (Macmillan, 1912), 


that: 


“In the judgment of the authors the kind of bi- 
ology most worth while for the average boy or girl 
of fourteen years of age is not one based primarily 
on structure. Young students are naturally more 
interested in activities or functions than they are 
in mere form or structure. Hence, if we wish to 
work with, rather than “against the grain,” we 
must put function in the foreground of our dis- 
cussion. Every boy and girl knows, too, that both 
plants and animals as well as human beings must 
have food and drink, and that they grow and re- 
produce their kind. It is relatively much easier, 
therefore, to unify a course like this along physio- 
logical lines than on the basis of morphology, or of 
homologies of structure, many of which are far too 
complicated to be made clear to young students. 

If properly outlined and presented, there is prob- 
ably no subject in the school curriculum that can 
be made of more service to a growing youth than 
can biology. Biological problems confront him at 
every turn, and if he is a normal being, he will 
have asked himself question after question which 
an elementary knowledge of biology ought to help 
him to answer. Some of these questions may be 
the following: Whence comes the food and oxygen 
supply used by man? Why are food and oxygen 
needed in our bodies? Why are some substances 
beneficial to the body and others injurious? What 
is the cause of disease, and how is disease trans- 
mitted? And if we were to tabulate the biological 
questions that occur spontaneously to the average 
pupil in the first year in the high school, we should 
doubtless find that a great proportion of these 
questions had to do with the relation of the living 
world to human life. Is it not clear, therefore, if 
we are to outline a course in biology that will best 
fit the interests of the “live material,” i.e., the boy 
or girl who is to take the course, that the central 
idea or factor must be man; that all the various 
functions considered must have some relation to hu- 
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man life; and that the course, to be of practical 
importance, must suggest to the youth better ways 
of carrying on his own life and of helping to im- 
prove the surroundings in which he lives?” 


There was in this period a decided gain in interest in 
biology among high school students and a definite at- 
tempt to have the biological laboratory function as a 
place where students could see and handle and experi- 
ment with living plants and animals. This removed the 
study of biology from the level of studying “pickled 
and preserved” plants and animals to a miniature “Bo- 
tanical Garden” and “Zoo” where students could see, 
take care of, handle, observe, and experiment with, liv- 
ing things at close range. 


Progress had been made. There existed, however, 
the dissatisfaction which is inherent in those who real- 
ize what science ought to be able to do for the individ- 
ual. The need of unifying the study of living things by 
applying the fundamental principles common to all 
living things, to coordinate the course in _ biology, 
urged Arthur G. Clement, at the time Supervisor 
of Biological Sciences in Secondary Schools in New 
York State, to write a text built on these princi- 
ples: Living Things (Troquois Publishing Co., Syra- 
cuse, N. Y., 1924). He states his aims thus in the 
Preface: 

“Biology is the study of living things. The word 
was first used in the early part of the nineteenth 
century by Gottfried Treviranus, a German writer 
on topics relating to life science. He employed the 
word to designate all the sciences that deal with 
the phenomena of life. 

All the life processes, or functions of living 
things, may be listed under three headings. In the 
first group are the processes by which individuals 
relate themselves to the outside world. These in- 
clude sight, hearing, touch, taste, smell and motion. 
They may be called functions of relation. In the 
second group are the processes involved in pro- 
ducing energy and promoting growth. These in- 
clude respiration, food-taking, digestion, absorp- 
tion, circulation and assimilation. They are com- 
monly known as functions of nutrition. In the 
third group are the processes that pertain to the 
continuation of the species, namely, the reproduc- 
tive functions. Since these life processes are com- 
mon to all living things, they form a logical and 
convenient basis of unity, quite readily understood. 
Accordingly, in this book, the several phases of the 
study of living things will be thus held together 
and unified. 

It is the conviction of the author that a first-year 
high school course in biologic science should be 
based on the conception of biology as a single sci- 
ence rather than as three entirely separate courses 
in zoology, physiology, and botany. It should be 
one of the purposes of a biology course to teach the 
great ideas or principles that underly all life. The 
best way to assure this is to ascertain as soon as 
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The Thirty-first Yearbook of the National Society for 
the Study of Education, (1932, p. 238), expresses the 


oe possible what these principles are and then to ex- 
plain their workings as applied to animals, plants, 


and man.” 


Peabody and Hunt, revising their text about the same 
time, (1924), state in their Preface: 


“Twenty years ago, the authors, in common with 
many other earnest teachers of biology, became 
convinced that much more emphasis should be 
placed on the functions of living organisms as con- 
trasted with their structure and that a comparative 
study should be made of plants, animals, and the 
human body. These two aims were prominent in 
our Elementary Biology published in 1912, in 
which Part I was devoted to plants; Part II, to ani- 
mals, and Part III, to the human body. 

“Biology and Human Welfare” represents the de- 
velopment of our ideas, based on the observation 
and experience of ten years and more since the 
publication of the earlier book, and of the best 
means of realizing these aims. This is a new book, 
made on a new plan of organization, with distine- 
tive features, some of which are as follows: 

1. We have become convinced that a given func- 
tion, for example, digestion or respiration, can be 
presented more effectively by considering in turn 
how the process is carried on in plants, animals, 
and man as separate units and completing the 
study of one before taking up the study of the 
others. Adolescent boys and girls are most inter- 
ested in those facts and principles of biology that 
relate closely to themselves. Therefore, to defer a 
discussion of human biology to the last part of the 
course results in a distinct loss of interest on the 
part of the pupils and prevents the immediate and 
effective application to human life of the various 
principles derived from a laboratory study of 
plants and animals. In studying the special func- 
tion in the three spheres, boys and girls are led to 
see the essential likenesses in the work done by all 
living things rather than relatively unessential dif- 
ferences in structure. 

2. The dominating purpose throughout this book 

is to show the intimate relation of biological science 

to human welfare.” 
THE “UNIT PLAN” 

Science Education is a dynamic, not a static process; 
so throughout the decade 1924-1934 new viewpoints 
came to the forefront, crystallizing in the Unit Plan 
that now holds the center of the stage in science edu- 
cation as in so many other subjects. This was the 
period that witnessed the unprecedented influx of stu- 
dents into the high school. In 1900 the enrolment was 
about 500,000, in 1910 about 800,000, in 1920 over 
2,000,000 and in 1930 over 4,000,000. The school popu- 
lation was now less homogeneous, the pupil's environ- 
ment had changed, the economic situation was differ- 


idea that education was concerned solely with “after 
school life.” The newer philosophy, as well as prag- 
matic and practical considerations, regarded education 
as a living experience. “Life after school age” was not 
to be ignored, but there was demanded consideration of 
the student himself as a growing organism who must 
adjust himself to a changing environment, and consid- 
eration of the student's present interests and needs 
also. A new attack seemed to be called for to continue 
educational progress in scientific education. 
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new point of view thus: 


“It is desirable to organize the work of biology 
in definite teaching units. By a unit is meant a 
relatively small mass of learning material, so se- 
lected and organized as (1) to clarify a principle 
and afford abundant drill in its application to such 
problems as arise in life, (2) to contribute to the 
attainment of scientific attitudes, and (3) to give 
abundant practice in the use of the elements and 
safeguards of scientific thinking. 

The success of a given unit can be assured only 
when the ends to be achieved by its use are clear to 
the teacher, when their achievement is tested, and 
when the pupils are conscious of their accomplish- 
ment.” 


Wilbur L. Beauchamp (Monograph 22, of the Na- 
tional Survey of Secondary Education: Jnstruction in 
Science, 1932) writes on the Unit Method of Organiza- 
tion: 

P. 19.—“Since few, if any, of the courses ap- 
pearing before 1926 were divided into what were 
referred to as units, it is probably a safe assump- 
tion that the widespread use of term ‘unit’ after 
this date in courses of study is due to Prof. H. C. 
Morrison. Professor Morrison’s book The Prac- 
tice of Teaching in Secondary Schools, appeared 
in that year. According to Professor Morrison, a 
learning unit may be defined as a ‘comprehensive 
and significant aspect of the environment, of an or- 
ganized science, of an art, or of conduct, which be- 
ing learned results in an adaptation in personal- 
ity.” 

P. 21.—“In the special sciences, physics, chemis- 
try, and biology, the unit is ‘a comprehensive and 
significant principle or complex of principles and 
the meaning and bearing of the terms “compre- 
hensive” and “significant” are the same as before.” 

P.193.—“The critical test of any unit in the 
science type is, Does it tend to contribute under- 
standing rather than a descriptive account?” 
Charles J. Pieper and Wilbur L. Beauchamp were 

among the first to present a text written according to 
the Unit Plan in their Everyday Problems in Science 
(Scott-Foresman, 1925) to which Henry C. Morrison 
wrote in the General Preface: 


“The contributions of science study to present- 
day life are so manifold and important that we 
have come to speak of this age as the age of sci- 
ence. Everywhere, in the home, the school, the 
playground, the workshop, and the community in 
general, the phenomena and applications of science 
influence our lives. Citizens of today can better un- 
derstand, enjoy, appreciate, and control their en- 
vironment, and adjust themselves to it, through 


‘nt; consequently » needs of 2s nts were dif- 
* ONS; comnequs ntly, the need of the tude — knowledge of the science involved in the daily prob- 
oy ferent. An older philosophy of education rested on the lems of sensible, happy, healthful, comfortable, and 


efficient living. Their intellectual, moral, and eth- 
ical character depends in part upon their under- 
standing of and their attitude toward the forces 
and materials of nature. 

Our boys and girls grow up in this scientific age 
and become the citizens of the next generation. At 
the adolescent period their natural interest in the 
environment creates a desire and demand to know 
something of the great contributions of science to 
modern life and to human progress; their near ap- 
proach to adult citizenship makes the need for sci- 
ence knowledge and for correct attitudes toward 


y 
¥ iy 
ro 
iy 
‘ 
: 
4 
ite 
he 
J 


TIM 
IN FILTERIN 


WITH PYREX BRAND 
FUNNELS... 


TIME SAVED by the plain Pyrex Brand Funnel with 
accurate 60° angle has made it so eagerly sought by 
chemists that now the original size, 65 mm diameter, 
is supplemented by three other sizes—50, 75 and 
100 mm. The unvarying precision of the 60° angle 
gives more accurate fitting of the filter paper, and re- 
duces filtering time, as compared with an ordinary 
Bunsen funnel by about one half. 
And now a further improvement! The accurate 60° 
angle funnel fluted. These flutings greatly increase the 
effective filtering area, (almost double), and reduce 
filtering time still further. 
Pyrex Brand accurate 60° angle funnels may be had 
from your regular dealer—plain, in all four sizes; 
fluted, in the 65 mm size, only. The other three sizes 
of fluted funnels will be available after May 15th. 
“PYREX" is a registered trade-mark and indicates manufacture by 
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science problems imperative. They must be ac- 

quainted with and have training in the proper 

methods of thinking about such problems, so that 
they may be able to do such thinking for them- 
selves. 

The immediate aim of science instruction in the 
years following the elementary school period is, 
therefore, the broadening of the youth’s experi- 
ences with the forces and materials of his environ- 
ment and the developing of an attitude of open- 
mindedness and a spirit of inquiry concerning the 
nature, value and use of science in modern life. 
Along with this experience-getting and attitude- 
forming come the power and inclination to do ef- 
fectively what civilization demands of every citi- 
zen. And out of these results grow the apprecia- 
tion of nature and the cultural and enjoyment val- 
ues which help to build individuality and character. 
The ultimate aim of introductory science is, then, 
the active and wholesome participation in the de- 
sirable activities of life, or good citizenship. If 
science instruction in the early years of high school 
meets this objective, it will in an equal degree meet 
the objective of exploring the fields of science, and 
will thereby stimulate and guide the student in his 
later study.” 

Everyday Problems in Biology by Charles J. Pieper, 
Wilbur L. Beauchamp and Orlin D. Frank was written 
in 1932. (Scott-Foresman). Here the new point of 
view is stated thus: 


“The guiding principles underlying the construc- 
tion of the course may be summarized in a few ma- 
jor postulates: 

1. Biology is more than information and knowl- 
edge concerning living things; it comprises also 
methods of scientific thinking about and scientific 
attitudes toward ourselves and our living environ- 
ment. 

2. Life, or living, is primarily a series of func- 

tions and activities more or less common to all 

living things. These activities result in adjust- 

ments. The course in biology, then, should be a 

study of any or all living things, leading to an un- 

derstanding of the important functions, activities, 
and adjustments of organisms. 

3. The course in biology shall consist of a series 
of problems involving learning activities, properly 
motivated and directed by the teacher and carried 
out by the pupil in such manner that the pupil is 
led to the understanding of significant biological 
ideas, to the acquisition of the elements of scientific 
methods of thinking, and to the attainment of de- 
sirable attitudes toward life in its varied manifes- 
tations and significances. 

4. The learning activities of pupils in biology 
shall include a wide variety of those kinds of men- 
tal and physical activities which are recognized as 
elements of scientific methods of thought and which 
make use of various sources of data as a basis for 
the solution of worthwhile problems. 

5. Biology aims to improve human behaviors in 
and adjustments to the living and physical environ- 
ment; it is essential, therefore, that the pupil study 
both himself and his environment to the end that 
his behaviors be conscious, meaningful and fruit- 
ful.” 

Fitzpatrick and Horton, in one of the latest texts in 
Biology (Houghton Mifflin Company, 1935) wrote: 


“An attempt has been made to emphasize those 
biological principles which have applications in 
everyday experiences. The selection of materials 
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has been guided by the results of research studies, 
insofar as such studies are able to supply data. 
The field of human experience, however, has not 
been adequately explored. The textbook writer 
must necessarily be guided to some extent by his 
own judgment, and by the results of testing teach- 
ing materials in the schools. 

The materials of the book have been arranged in 
seven units. Each unit deals with a specific, fun- 
damental principle of biology. The first unit 
serves as a general introduction. It includes a dis- 
cussion of the changing environment and the his- 
tory of human progress in that environment. The 
second unit deals with the cell principle as exhib- 
ited by the structures of plants and animals. Phy- 
siology, considered as representing energy phe- 
nomena, is the subject of the third unit. Adapta- 
tions of function and structure are discussed in the 
fourth unit. The fifth unit deals with reproduc- 
tion in plants and animals. This is followed by a 
sixth unit on variation and heredity. The seventh 
unit has as its subject the consideration of other 
organisms in relationship to human welfare. 

Thus, each unit provides student activities and 
experiences which relate to a basic concept or 
group of concepts in the field of biology. Through- 
out the book, also, certain unifying themes develop 
and become more meaningful with growing experi- 
ence. These include: 

1. The interrelationships of organisms. 

2. Specialization and division of labor among 
cells. 

3. The unity and the diversity of life. 

4. Life as an energy phenomenon. 

5. Adaptations of behavior and structure. 

6. Biological control of undesirable organisms.” 


All these progressive points of view in the teaching 
of high school biology have one point in common. All 
are striving to inculcate in high school students the 
scientific attitude by trying to present a world of life, 
a world of beauty, a world of change for better living. 
All to a greater or less extent call for the expansion 
of the element of appreciation of life, the arousing of 
a sense of admiration and wonder, the excitation of 
emotions, the development of the power of accurate ob- 
servation, the desire for truth, and the courage to fol- 
low the truth. They want to arouse students to begin 
to wonder, then to think correctly, then to develop a 
true philosophy, which will influence their conduct to 
attain to an openmindedness and unselfish service 
which will make them tolerant and respectable mem- 
bers of society. 


If a teacher of biology actually succeeds (and who 
has greater facilities at his command than the Catholic 
teacher of biology with his definite religious and moral 
principles to aid him?) in causing high school students 
studying biology to come into the possession, at least to 
some slight degree, of such qualities as: 
1. To wonder about how and why things happen. 

2. To have a high regard and respect for truth. 

3. To maintain a critical attitude toward both their 
own work and that of others. 

4. To suspend decision while examining facts. 

5. To form conclusions on the basis of evidence not 
upon the basis of opinion. 
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6. To keep an open mind ready to change a belief 

if presented with facts that disprove this belief. 

To attempt to keep the intellect free from bias 

or prejudice. 

To which, the Catholic teacher of biology should add 

8. The recognition of the fact that in the natural 
order God has ordained that every effect is due 


and intellectual world—a theoretical but scarcely a 
practical possibility. 

To conclude in the words of U. A. Hauber (Religion 
in the Biology Classroom: Catholic Educational Re- 
view: p. 218). 

“A final consideration is this: Every Catholic 
teacher will find himself compelled to add a special 


to a cause. chapter to his textbook entitled “The Human Soul.” r 
%. That there is another order beside the natural This self-conscious spiritual entity is unique in a world 
order, the supernatural order in which religion of living things. It is intimately associated with the i 
teaches man what God has revealed. kind of things the biology class has been studying 
10. That science has solved and can solve so called throughout its course, but it is a being apart, different 
“mysteries” about natural phenomena, but that from, and above, all other things known to us. It is 
true mysteries are religious truths that cannot found in the body, governs and controls all the activi- 
be solved. ties of the body, is itself profoundly influenced by the 
11. The establishment of a balanced outlook on life body over which it has charge; but it belongs to an- 
which maintains a proper mental perspective other, a spiritual world, the consideration of which is 
about the relative values of man’s body and soul. outside the field of biology. Both the soul and the body 
It must not be forgotten that the teacher of biology are made by God. The body is governed by natural : 
in high school is meeting young students, and that it laws and some of these laws are investigated in the 
is impossible to expect that they will emerge from the class-room; the soul or mind which investigates itself 
one year course in biology as full fledged scientific re- and its body, also must obey laws, some of them na- i 
search workers. Nevertheless it is an ideal to be aimed tural, some supernatural; but it has freedom, it is more ' 
at, and if the biology teacher could actually succeed in than a machine, more than a vital principle. It has 
causing the scientific method so to become a part of the inherited, so to speak, powers strangely similar to ) 
mental outlook of the boys and girls who throng our those of its Creator, the power of freely shaping its 
high schools as to influence their manifold activities in own destiny and of voluntarily assisting in directing 
school as well as throughout life, there would probably the destiny of others. It is made to the image and 
be created within a few school generations a new moral likeness of God.” ; 
= 
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| 
A POPULAR STUDENT DISSECTING SET ) 
An excellent set of dissecting instruments in an at- | 
tractive, durable, red leatherette case, which identifies the 
Cenco Student Dissecting Sets. Cases do not become | 
shabby after a short period of use and are far superior 
to the cases usually supplied for sets of student instru- ‘| 
ments costing considerably more. | 
The instruments included in this set are: an all-steel } 
scalpel with 33 mm. blade; a sharp-pointed screw-lock : 
scissors; a fine-pointed nickel-plated forceps; a straight i 
sharp-pointed needle in a nickel-plated needle holder with apes 
adjustable screw chuck; a bent sharp-pointed needle in a No. 53004. $1.50 each | ‘ 


similar nickel-plated needle-holder; and a celluloid rule i 
with metric and English scales. | 
15% in lots of 12 sets; 20% in lots of 24 sets; 25° in lots of 48 sets. | 
THE FINEST DISSECTING PAN ON THE MARKET! 
The Cenco Black Enameled Seamless Steel Dissecting Pan is 
designed for cleanliness and comfort in use. The choice of mater- 
ials of construction assures a long and useful life, many times 
that of the usual japanned tin pans. Being without seams, it is 
most satisfactory for dissecting specimens under water. This 
strong, inflexible, durable round-corner, roll-edge pan measures 
290 mm x 180 mm x 33 mm deep. 
10% discount in lots of 12; 20% in lots of 36; 25% in lots of 144 
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Your Every Need... 
THE CHEMIST 


A most complete stock of New and Modern equipment at reasonable prices. 


You can depend on the quality of Gilmore’s line of chemicals, regardless of the grade 
you use. All chemicals are packed in New Screw Cap Jars. 


THE BIOLOGIST 


Demonstration Jars, Slides, Preserved materials, also Riker mounts, Insect Pins, 
Microscopes, Slides and every requirement for your work. 


Very Attractive and a Great Aid in Visual Education 


These Giljars are uniform in size. Specimens may be removed for study purposes, 
being securely mounted on clear glass plates. 

18.00 


Our Catalog of Biological equipment is being prepared. Your request will put you 


on our large mailing list. 


W. J. GILMORE DRUG COMPANY 


PHYSICAL, CHEMICAL AND BIOLOGICAL EQUIPMENT 
Laboratory Apparatus Division 


122 Boulevard of the Allies Pittsburgh, Pa. 
1B8BG--FIFTY YEARS SERVICE--1936 
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Aspects of Diamagnetism 


Continued from Page Seventy-six 


ceptibilities much as Pascal had done; his correction 
terms depended on the type of ammino-compound that 
was being investigated. This whole subject of the mag- t 
netic properties of complex salts is just waiting for 


manner as argon because it has the same outer elec- attention; it seems to open up a field where physicists 
tron configuration, the atom having lost one electron and chemists can work effectively in collaboration, with 
to become an ion; the chlorine ion, Cl, should behave mutual benefits to both. ; 
similarly since the chlorine atom gains an electron | 


I have attempted to point out the outstanding facts 
of diamagnetism with the hope that a few may be {a 
encouraged to read further and to undertake some of i 
the experiments and investigations for themselves. The 
subject is not an easy one, but it is rich in possibilities; 
and each bit of information added to our present 
stock may aid in the attainment of the final goal of 
magnetic investigations, which is best described in the 
words of S. R. Williams: “The determination of what 
the elementary magnet is, constitutes the fundamental 
problem in magnetic research.” 


in becoming an ion. Interesting results of this type 
have been obtained by Ikenmeyer with the halides 
of the alkali and alkali earth metals, but his work 
should be repeated and extended. 


An important series of experiments on complex salts 
was begun by Rosenbohm in 1919; he was able to con- 
nect the magnetic properties of the cobaltammines with 
the theories of their structure. Cobalt is a ferromag- 
netic substance and the simple cobalt salts are para- 
magnetic, but the cobaltammines are diamagnetic; this 
seems to be due to the fact that the number of elec- 


trons associated with the cobalt atom in combination BIBLIOGRAPHY 
is 36, which corresponds to a closed configuration like Faraday’s Diary, 7 volumes, and his Expernmental Researches in Electricity 
volumes These are rich in information and inspiration; they picture viv- 
that of the inert gas krypton. The magnetic moment idly the methods of one of the yreatest experimenters of all times. They are ; 
of such a closed configuration is zero and the ion or particularly satisfying to those who are beginning research work because 
Faraday did not hesitate to describe completely his failures as well as his 
atom is diamagnetic. Rosenbohm measured the suscep- 
tibilities of many of these cobalt ammino-compounds, J. J. Thomson: Elements of Electricity and Magnetism. A_ standard 
textbook on the fundamental principles of the mathematical theory A dis- 
about sixty in all, and found them all to be diamagnetic cussion of the diamagnetic needle in the uniform magnetic field is given on 
with the exception of two. He was able to express the page 210. ee 
Poynting and Thomson EFlectricaty and Magnetism Useful as a com 


panion volume to the above as it gives much information on the fundamental 


rolecular susceptibilities in terms of the atomic sus- 


Would you like your general science pupils to LEARN BY DOING? O* } 


If so, build your course upon 


By Lake - - ADELL 

A 352-page basal text in workbook form. A GENERAL SCIENCE 
WORKBOOK is organized in 16 units of work, each providing from 
6 to 16 laboratory-workbook problems which lead the student by ex- 
perimentation to discover the basic concepts of science. General 
questions for study and a vocabulary drill are provided at the end 
of each unit. 
Exact page references are given at the end of each unit to the latest 

editions of the 15 leading general science textbooks, including refer- 
ences to 


EXPLORING THE WORLD OF SCIENCE | 
By Lake - Wetton - HARLEY 
A modern text including all that is required by modern courses of 
study, EXPLORING THE WORLD OF SCIENCE is in complete 
accord with the recommendations found in Part I of the Thirty-First 
Yearbook of the National Society for the Study of Education. 
Also available: Tests to accompany A GENERAL SCIENCE 
WORKBOOK. 
Testbook for EXPLORING THE WORLD OF 
SCIENCE. 


SILVER BURDETT COMPANY 
NEWARK BOSTON CHICAGO SAN FRANCISCO 


NEW YORK 
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experiments A different discussion of the diamagnetic needle in a uniform 
held is cower n pa 258 

Stari Elects iM 

ind Adams: Pr tricity Two excellent texts on the 
h kh subrect 

Willams: Magnete Pi 1 A survey of magnetism with a judicious 
selection of theory and experiment, with many suggestions about work still t 
be don 

Stoner Ma Atomic Structur A treatise on magnetism 
from the wrewpomet of the quantum theory Difhcult for the non-mathematica 
reader but contains a great deal of information, particularly about the modern 
t the t 

Stoner: Magnetisw A summary of the above with special reterence ¢ 
roent work and without the extended mathematical discussions 

Bulletir t the National Research Council, Number 18 Th 
Magaetisom, Contains interesting historical survey, but not written for th 

ral reader 

I I Kinet Theor t Gras Th standard American textbook ot 
Kinetre Theors the last two chapters ive discussions of applications 

tee theory to alleed topics, among which is diamaunetisn 


In Future Numbers... 


A few of the many interesting articles that will ap- 
pear in early issues of THE SCIENCE COUNSELOR are 
listed: 


The Teaching of Science in the 
Elementary School Grades 
By Warren W. Knox, Supervisor of Science, New 
York State Education Department, Albany. 


Aims and Objectives of the High 
School Course in Physics 
By Rev. John H. Crawford, O.S.A., Villanova Col- 
lege. 


Science in the Professional 

Education of Teachers 
By Helen Heffernan, Chief of the Division of Ele- 
mentary Education and Rural Schools, California 
State Department of Education. 


The Story of Abrasives 
By Duane G. Webster, Norton Company, Worces- 
ter, Mass. 


Institutam Dici Thomae 
By Rev. C. A. Miller, Director. 


Visual Aids in the Science Classroom 
By Warren Taylor, Central High School, Bing- 
hamton, N. Y. 


Theories of the Solution of Electrolytes 
By Sister Mary Dorcas, Seton Hill College, Greens- 
burg. 


Colorimetric Analysis 
By B. H. Strom, Technical Editor, Fisher Scientific 
Company. 


A Science Night Program 
By Robert Collier, Jr., South High School, Denver. 


Purchasing Biological Supplies 
Py Alden H. Forbes, Laboratory Apparatus Divi- 
sion, W. J. Gilmore Drug Company. 
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Modern Science Room 
Continued from Page Seventy 


of suggestions and recommendations of science teachers 
of the State, school heads, school building architects, 
educational consultants, and science equipment man- 
ufacturers. No elaborate set-up is indicated. How- 
ever, the details include those things which are believed 
to be essential for the proper physical and environ- 
mental conditions which will directly assist in adapting 
teaching procedures to individual pupil needs. The 
room is planned for individual pupil experimentation, 
teacher demonstration, lecture, discussion recitation or 
any other type of instruction which may be deemed ad- 
visable at any particular time. It is likewise adaptable 
for the use of the many science clubs which now form 
a very definite part of the modern school program. 


Apparatus is concentrated in one room, thereby tying 
up more satisfactorily discussion and laboratory work. 
The room itself is of the standard width, 22 feet, and 
41 feet in length, with 18 inches in the rear for cabinet 
and display cases. The general equipment includes a 
teacher demonstration desk, together with seven six- 
pupil tables, 24 inches wide. Chairs with backs no 
higher than will permit their being fitted under the 
projection of the top of the table when not in use, are 
more satisfactory than stools. An advantage of this 
type table is found in the fact that all pupils face the 
front. Two sinks each are provided in every other 
table. Since pupils working at the tables without sinks 
can secure water from the table next to them, consid- 
erable saving in plumbing is effected. Care should be 
taken in the plumbing installation on the demonstration 
desk and the pupil tables, so that it will withstand the 
effect of acids and other corrosive materials. 

The Science Table 

In the selection of tables, care should be taken so 
that the tops will prove serviceable. The best quality 
of hard birch or maple in narrow boards, tongue and 
groove, glued in order to prevent warping, should form 
the table tops. If the best material is used, there 
is little danger of the boards splitting or separating at 
the joints. The tops should be treated every few years 
with acid-resisting paint, and several times each year 
with a good quality of linseed oil, applied hot. The 
tables when given this attention can be kept in first 
class condition over a long period of time. 


The table (6-b), 2 feet, 7 inches high, and 15 feet in 
length, constructed with eight legs evenly distributed, 
is divided into three sections with two drawers in each 
section. The drawers are 18 inches wide, 15 inches 
long, and 3'2 inches in depth. Gas and electric out- 
lets are supplied on each table. In districts where gas 
is not available, these fixtures may be omitted, and alco- 
hol burners or other types of heat may be utilized. Re- 
cently, commercial gas is being supplied by means of 
a tank car to districts where gas is not available 
through a gas main. A tank is placed on the premises 
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of the person securing this service, and payment is 
mide monthly for the gas as it is consumed. 


The Window Shelf 

Provision is made on the window side of the room for 
a window shelf 18 inches wide and approximately 34 
inches high. This window shelf is used for weighing 
materials, for germination projects, for microscopic 
work, for the display of pupil work, or for any other 
feature that is so often presented in the science class- 
room. 

Electrical Equipment 

Electrical outlets should be placed along the side of 
the wall so that electrical equipment can be utilized to 
advantage. They are particularly important in th> use 
of projection apparatus and radio. The place that the 
radio will fill in the science instruction room is yet to 
be determined. However, it is possible for much valu- 
able assistance to be secured from the air for class- 
room instruction. In the larger schools provision 


should be made for 110 volt direct and alternating cur- 
rent, and battery service for varying voltage. 


Equipment for Visual Aids 

Ample blackboard space should be provided in the 
front of the room. Bulletin boards should likewise be 
abundantly supplied. This might even approximate 24 
linear feet. A built-in or movable dictionary stand, and 
built-in book shelves, approximating 18 linear feet, 
should be provided. A cabinet, properly sectioned to 
accommodate the notebooks and other written work of 
from four to six groups of pupils, is most desirable. 
Map and chart cases, and adjustable hangers for charts 
and graphs should likewise be provided at convenient 
places in the room. 

The 18 inch space provided in the rear of the room 
should be utilized mostly for exhibition purposes. Here 
projects and collections of work which adolescent youth 
can be so easily inspired to make can be placed on dis- 
play. Likewise, it can form the nucleus of a small 


Pedagogically Right - - - Saves Space 
That’s Why Leading Schools Insist on SHeuiiieer 


The leading High Schools, Colleges and Universities in every 


Lincoln Science Desk No. D-503 


state are equipped with Kewaunee Laboratory Furniture. The 
buyers of these institutions, while interested in price, aso de- 
mand quality materials, finest construction, and foremost of all, 
design that makes teaching easy and uses floor space econom- 
ically. 

Kewaunee supplies all these features, plus many other things 
not found in specification sheets. 

If your school needs Laboratory, Home Economics or Voca- 
tional Furniture, investigate Kewaunee Furniture. See for 
yourself why Kewaunee Laboratory Furniture can best serve 


your needs. 


LABORATORY FURNITURE EXPERTS 
C. G. Campbell, President and Gen'l| Manager 
274 Lincoln St., Kewaunee, Wis. 


Mid-West Office: 1614 Monroe St.. Evanston, Ill. 
Eastern Branch: 220 E. 42nd St., New York, N. Y. 


Representatives in Principal Cities 
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museum. Drawers and sections with doors constructed 
at the bottom portion of this space to a height of ap- 
proximately 34 inches, are desirable. Every effort 
should be made so that orderliness and cleanliness, one 
of the basic principles of science, may be exemplified. 
A well planned room facilitates the attainment of this 
goal. 
Fume Cabinets 

Plan No. 1 also provides for a teacher closet near the 
front of the room on the corridor side. Another space 
on the opposite side of the entrance door may be util- 
ized as a fume cabinet. Additional fume cabinets, if 
deemed necessary, can be secured by limiting the cor- 
ridor locker space. If desirable, a fume cabinet can be 
placed in the chemistry storage room. When fume cab- 
inets are included, provision should be made for the 
removal of the fumes by a mechanical device. Without 
a serviceable exhaust system it is useless to include 
fume cabinets in the room. The author’s experience in 
his visitation to the high schools of the State leads him 
to believe that in most cases these cabinets have been 
a needless expenditure. Very often these spaces have 
become a “catch all” for odds and ends. Some college 
chemistry instructors of note have advocated no fume 
cabinets since many claim it is unnecessary to perform 
those few experiments in which obnoxious gases are 
liberated. 

Combination Science-General Shop Room 

A few small schools of the State have developed a 
combination science classroom and general industrial 
arts shop plan. This unit (6-c) from 45 to 50 feet in 
length, includes a science layout in the front of the 
room and a general industrial arts shop layout in the 
rear. The equipment for the science section follows 
closely those suggestions in the combination science lab 
oratory-classroom above. Such a plan is not the most 
desirable and should be used only in schools with very 
small enrolments and with limited finances. 

The Storage Room 

Ample storage space must be provided if the science 
Too many schools 
Limi ed 


room is to function most effectively. 
are seriously handicapped through its lack. 
space for the storage of apparatus, chemicals and other 
science materials has caused unnecessary expenditure 
in the school budget, due to breakage. If sufficient 
space is not provided, materials are stored in a hkap- 
hazard manner so that breakage resuits and difficulty 
in finding the materials needed is encountered. Con- 
venience of access, and a systematic placing of the 
materials are fundamental principles of science. The 
room indicated on Plan No. 1 as storage, together with 
the space allocated in the combination classroom-labor- 
atory, should provide sufficient space for the proper 
storage of science materials in a school requiring up 
to two rooms for the scheduling of its science classes. 
If only one combination classroom-laboratory is re- 
quired, the storage room should be placed at the front. 
By this placing, the room is of ready access to the 
teacher. If two combination classroom-laboratories are 
required, the storage room should be placed between the 
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two for convenience and for the concentration of all 
science materials. The room which is used for in- 
struction in the advanced sciences should have the 
storage room to the front. The other room, which will 
be used for the less advanced science and not demand 
as frequent use of science apparatus, will thus have 
the storage room in the rear. 

It is suggested that the storage room be divided by 
a full partition so that chemicals may be segregated 
from the science materials. By this arrangement fumes 
from the chemicals will not corrode or otherwise affect 
the apparatus. At the same time the room may serve 
in smaller schools as a dark room. When two class- 
room laboratories compose the science layout, the door 
to the chemical storage room should open into the front 
of the room used for advanced science instruction. This 
door, as well as the door or doors from the other part 
of the storage room, should be a split door, or a door 
with a window, to facilitate the dispensing of supplies 
to pupils. 

The construction of the shelving and drawers in these 
rooms should be carefully planned. The sides of the 
rooms provide the main space for storage. The shelves 
and drawers should be constructed for specific types of 
materials. The height between the shelves, the width 
of the shelves, and the depth and size of the drawers 
should be made to conform to the height and size of 
the objects to be stored. Wide shelves necessitate stor- 
ing materials back of others, thus making it difficult to 
locate material and to take it from the shelves. Open 
shelving is much preferred to shelves encased by doors. 
If necessary, the shelves may be built to the top of the 
room. A s‘epladder can be used to secure the materi- 
al beyond the normal reach of the teacher. Many 
schools are buying several years’ supplies at a time in 
order to effect a saving by quantity purchases. The 
top shelves provide excellent space for storing this ex- 
cess material. 

A counter, which in reality is a broad shelf approxi- 
mately 20 inches wide, forms an essential part of the 
storage room equipment. It should be placed only on 
one side of the storage room, at a height of approxi- 
mately 36 inches. A portion of this 20 inch shelf could 
be covered with asbestos board one-eighth of an inch 
thick. It is applied the same as linoleum, and can read- 
ily be replaced when marred or worn out. The space 
underneath the counter is divided into drawer and cabi- 
net compartments. The opposite side of the room is 
utilized only for shelf space. 

A window shelf or work bench should be placed in 
the space in front of the window in the storage room. 
It is essential that such provision be included for teach- 
ers’ use in developing new experiments, in reviewing 
work later to be demonstrated before the class, or in 
serving as a suitable location for continuing experi- 
ments which require a longer period of time for com- 
pletion. Some of the space beneath this may be utilized 
for the construction of filing cases or drawers in which 
are placed the inventory cards, the cards used for the 
requisition of new supplies, or other filing cards that 
are required from time to time during the school term. 
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The suggestions for equipping a modern science room 
given in this article are the reactions of many ex- 
perienced people. While it may be that some science 
teachers will not be in full accord with the details, it 
is hoped that the persons responsible for the planning 
of new science rooms, or the modification of existing 
rooms, will find guidance and assistance. This type 
of equipment, used by a teacher who views science as 
functioning in the lives of boys and girls, will guar- 
antee a science room that will be more than four walls. 
It will become a general work shop where youth will 
be better able to find expression for their interests, and 
thus live vitally within the school. 
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Making a Microscope 


Continued from Page Seventy-eight 
After finishing, the parts are assembled and th° in- 
strument is ready for inspection. 
INSPECTION 
The inspection of a microscope covers the following 
points: 

1. The inspection of the separate parts includes 
inspection of the mechanical movements, the pre- 
cision of the fit and the alignment, so that the 
instrument is accurately aligned in any position. 

Optical parts are individually tested for optical 
uniformity, for concentricity, and performance. It 
is in this operation that the objectives are adjusted 
so that they will be parfocal (all objectives on the 
same revolving nosepiece will be in focus at the 
same setting of the coarse adjustment). Careful 
inspection of objectives, eyepieces, and substage 
condensers is carried out here. 

2. After the microscope and parts have been 
entirely assembled, a careful check by two differ- 
ent men assures a standard instrument. The in- 
spectors test the tension of the inclination joint, 
and after placing a target on the stage, test the 
alignment of the mechanical movement, both body 
tube and substage condenser. The standards to 
which these men work are infinitesimally small. 
The mechanical movements of the microscope must 
be accurate to within a few microns. They also 
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inspect the objectives by means of an Abbé test 

plate for optical performance. 

CARE OF THE MICROSCOPE 

Microscopes which are to be used in precise labora- 
tory work where life and death are balanced must be 
as perfect as human ingenuity can make them. They 
should remain in good condition for many years. 

The microscope stand should be kept free from dust. 
When it is no: in use the microscope should be placed 
in its case under a bell jar or covered with a close-mesh 
cloth such as cotton, flannel, or velvet. If dust settles 
on the instrument, it should be removed with a camel’s- 
hair brush. The microscope is then wiped clean with 
chamois skin or cloth. 

Remove Canada balsam or cedar oil which may ad- 
here to any part of the stand by using a cloth moist- 
ened with xylol; then wipe it dry with chamois. Do 
not use alcohol on brass parts, since they are lacquered 
and the lacquer would be removed. Black parts or 
chromium parts are alcohol proof. 

When the instrument is handled, it should be grasped 
by the pillar or arm and should be set down carefully 
to avoid sudden jars. If your microscope contains a 
draw-tube, move it by imparting a spiral motion. If it 
is necessary to use a screwdriver on your microscope, 
grind its two large surfaces so that they are parallel 
and not wedge-shaped. It should exactly fit in the slot 
of the screw-head. If the inclination joint should be- 
come loose so as to prevent the arm being set at any 
angle of inclination desired, it should be tightened by 
drawing up the nut at one or the other side. 
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Special care should be given to keep the coarse ad- 
justment free from dust, as its effect is serious. It 
should be cleaned with xylol and lubricated with par- 
affin oil. The teeth of the coarse adjustment should 
not be oiled but should be cleaned periodically with a 
toothbrush. If the fine adjustment ceases to work sat- 
isfactorily, the instrument had better be returned to 
the maker, as it involves the most delicate work and 
few people are conversant with its construction. 

Every outfit should be provided with a camel’s hair 
brush and a well-washed piece of linen. On account 
of its fine texture, chamois skin is desirable for clean- 
ing lenses, but only after it has been repeatedly washed. 
No dust should be permitted to settle upon the lens, nor 
should the fingers touch any of the surfaces. 

At regular periods, unscrew the eye-lens and field- 
lens and clean the inner surfaces. The lens systems 
should never be separated, even if they can be un- 
screwed, as dust may enter. Avoid all violent contact 
of the front lens with the cover glass. Oil immersion 
objectives particularly require the best care. Clean an 
immersion objective immediately after it has been 
used, by removing the fluid with lens paper. If nec- 
essary, the lens paper may be moistened with xylol. 

Visible defects in the field are always traceable to 
materials on the eyepiece. Clean the surfaces of the 
eyepiece by breathing upon them and giving a revolv- 
ing motion with the hand. Wipe well with washed 
linen. 

A good microscope should give a lifetime of good 
service if these precautions are followed. 
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Castaloy Laboratory Appliances 


CASTALOY is a rustless, non-ferrous alloy with high re- 
sistance to chemical corrosion. Modern, die-cast appli- 
ances made of this white-metal alloy are stronger than 
those made of cast iron or stamped steel. 
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are described in the booklet “Modern Laboratory Appli- 
ances of Castaloy,.” which will be sent on request. 
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Semi-Micro Methods 


Continued from Page Seventy-one 


REAGEANT BOTTLES: Of 30 cc. capacity equipped with 
vround-in glass pipettes or with rubber stoppers. Con- 
centrated acids and bases are kept in these. 

REAGENT BLocks: The vials with solid and liquid 
reagents are kept in these blocks. Their size is de- 
pendent upon the number of reagents required. In a 
college course the size of the block for the liquid and 
solid reagents is 9 inches by 9%4 inches; it contains 16 
holes for liquid reagents and 120 holes for solids and 
test tubes. 


A brief description of some of the principal methods 
will give a clearer insight into the technique of this 
method. 

PRECIPITATION: This process is carried out by com- 
bining a drop of precipitant and one of the solution 
to be precipitated on a glass microscope slide, on a spot 
plate, or in a test tube. 

FILTS_fION: (a) This process may be carried out 
on a glass slide by using a medicine dropper and a 
piece of cotton. The cotton is placed at the edge of the 
solution, and the opening of the dropper, with the bulb 
compressed, is pressed down on the cotton. The pres- 
sure on the bulb is slowly released and the cotton 
pushed through the solution and against the precipi- 
tate in such a way as to encircle it. The solution is 
thus filtered through the cotton and the precipitate is 
left on the slide. 

(b) Filtrations are rapidly and effectively accom- 
plished by centrifuging. 

EVAPORATION: Liquids are evaporated by gently 
warming the drops of liquids on glass slides, on small 
watch glasses, or in crucibles which serve as evapo- 
rating dishes. 


Typical directions, as used by the class at Mount 
Mercy Academy and involving some of the apparatus 
and methods described above, are here given. These 
are taken at random from some of the experiments. 

From the experiment on chlorine: “Place a very 
small pinch of potassium permanganate in the bottom 
of a test tube and add 5 drops of concentrated hydro- 
chloric acid. Try a small pinch of manganese dioxide 
and 5 drops of hydrochloric acid.” In the same ex- 
periment chlorine gas is generated from 0.5 gm. of 
potassium permanganate and 3 cc. of hydrochloric 
acid; the gas is collected in vials and is retained by 
stopping with corks. 

Hydrogen is generated in a small test tube using a 
set-up such as used for the preparation of oxygen from 
potassium chlorate and manganese dioxide. A few 
pieces of mossy zine and 5 cc. of hydrochloric acid are 
used and the gas is collected in vials by displacement 
of water. The gas in the vials gives excellent tests for 
combustion and diffusion, and there is no danger of an 
explosion. 


An experiment on decantation, filtration, evaporation, 
precipitation, and distillation is made on the mixture: 
“a pinch of fine sand to which is added 10 drops of 
water, 5 drops of potassium chromate solution, and 2 
drops of ammonium hydroxide.” During the course of 
the experiment a drop of lead nitrate is added to a 
drop of the solution on a glass slide to illustrate pre- 
cipitation and filtration. 


From these directions and descriptions it will be seen 
that the semi-micro methods are comparatively simple. 
It has been argued against the method that inasmuch 
as large equipment is generally used in subsequent 
courses and in commercial laboratories the student will 
not have the proper technique to cope with these larger 
scale methods. It has been found, however, that with 
those students who continue in chemistry there is no 
inability to quickly acquire proficiency in the use of 
larger apparatus. Furthermore, because of their train- 
ing in semi-micro methods, they have developed better 
powers of observation. As a further answer to the 
objection that advanced courses will not make use of 
this technique, it might be pointed out that certain col- 
leges are adopting these methods for inorganic and 
analytical chemistry, and that quantitative microanal- 
ysis of organic compounds has reached a highly refined 
stage. 

The authors of this paper will welcome comments or 
inquiries. They will gladly extend any help which they 
can to those desiring added information on semi-micro 
methods. 
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in Hoe Signo Vinces 
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and just people interested in the unusual. During these 
Visits the work for the flight continued, of course. 
Electricians charged the batteries, mechanics drilled 
holes for fastening the instruments, and so on. 


Among our distinguished visitors one day while the 
painters were painting all our instruments in white, 
Was a priest who came with half a dozen seminary 
students. I have forgotten his name, but I remember 
that he was a delightful man and we talked about many 
things. I suggested that, as a souvenir of his visit, he 
write something on the big cross. As he hesitated, I 
said an appropriate dedication would be: “In hoe signo 
vinces.”” He was kind enough to accept my idea and 
made the inscription in ink with well-shaped large let- 
ters. 

Half an hour later I discovered to my sorrow that a 
painter had painted the cross all over. I had neglected 
to warn him not to paint over the dedication. The 
priest was still in the hangar and I told him, apolo- 
getically: 

“I’m sorry, Father, the painters have painted the 
cross and have painted all over your inscription.” 

“Never mind,” he said, with composure, “It is still 
there.” 


He was right. 
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